The results of studying the electrochemical behavior of silver in sulphuric acid solution during anodic polarization are given in this work. The investigation on studying electrochemical properties of silver has been carried out by the use of cyclic voltammetric method. It was investigated that complicated electrochemical reactions occur in aqueous solution of sulphuric acid using silver electrodes, in anodic area takes place the silver oxidation with formation of oxides and sulphate of silver.
INTRODUCTION
One of the promising methods currently in use, is the polarization by the AC of industrial frequency, which is the interest of researchers both in terms of oxide formation and destruction of passivated film. The peculiarity of the processes, occurring under the influence of industrial AC, is that when change the direction of current is possible to remove the oxide film, and create the conditions for an unhindered further dissolution of metal 1 .
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The electrochemical processes involving precious metals, especially silver in connection with the increasing demand for its in various branches of technology and industry are interesting. Systematic studies, allowing establish regularities of electrooxidation of silver, followed by synthesis of its compounds, may lead both to an intensification of its production, and to solve problems of resource saving.
A considerable amount of research has involved silver electrodes in different media. The interest in the electroformation and electroreduction of insoluble silver salts in different electrolytes containing halides, hydroxides, carbonates, chromates, perchlorate, etc. [2] [3] [4] [5] [6] [7] [8] and the particular aspects of their electrochemistry is based mainly on the relevance that these films have in galvanic cells, seawater batteries, second class reference electrodes and corrosion and passivation 2 . Moreover, the corrosion and passivation of Ag electrode in biological and physiological solutions has been made 9, 10 .
There are a lot scientific works, devoted to the research of electrochemistry of silver.
For electrolytic silver plating are mainly used the solutions of complex salts, as the solutions of simple salts, for example, silver nitrate, and precipitates are obtained as coarse and loose. Cyanide solutions are widely used. It was developed ferrocyanide, pyrophosphate, iodide, sulphite electrolytes, which are used as substitutes of toxic cyanide electrolytes. Despite the fact that the silver is the first metal for the surface treatment, which was applied as the method of the electrochemical polishing, the problem of increasing the effectiveness of its anodic treatment is the actual to the present time. This is due to the advantages of electrolytic polishing before mechanical -less complexity in the processing of relief products and the ability to significantly reduce the deadweight loss of polished metal. Balmasov A.V. and his colleagues 11 studied the effect of the addition of glycerol to the solution of potassium thiocyanate on the parameters of the process of silver electropolishing. The introduction an aqueous solution of the organic solvent extends the capabilities of control of the anodic process by changing the viscosity of the electrolyte and the diffusion coefficients of the reactants, the solubility of products of anodic oxidation, increases the effect of the surface passivation layer.
In the work 12 by the anodic polarization curves were studied the effect of various factors on the kinetics and mechanism of anodic behavior of silver, as well as it was determined the composition and conditions of formation of a passivating anodic film on the anode of silver in solutions (KCN, KSCN, NaSCN, NH 4 SCN, KJ, Na 2 S 2 ∈ 3 , NaJ, Na 2 SO 3 , NaF, KF, NH 4 F). It was established that the value of passivation current (I p ) depends on the concentration of solutions. This dependence can be quite diverse.
Nature of the electrolyte has a significant influence on the composition of the adsorbed film, formed on the surface of silver. Kozin L.F. and Daniltsev B.I. 13 found, that in the process of dissolving the silver electrode surface was covered with a black adsorptive film in the ammoniumchloride-bromide solutions of thiosemicarbazide (TSC). It was shown by the method of Auger spectroscopy that the adsorption film, formed on the surface of silver is its hydrosulfides and sulfides.
The authors 14 formulated the laws of dissolution of silver in acidic tiocarbamide electrolytes. It was established, that on the kinetics of the process has strongly influence the impurity of molecules H 2 S, formed at the introduction to the solution of Na 2 S, or accumulating in the electrolyte with the passage of time after its preparation. Catalytic effect is enhanced by growth of the duration of contact of the electrode with the solution up to the experiment began or by increasing the concentration of sulphide ions. It is shown by the experiments with the process of updating the surface potential sweep, that the catalytic effect is due to the adsorption of sulfide ions at the interface.
The kinetics of dissolution of silver oxide in the solution of KOH was studied by authors 15 . It was established, that silver oxide is dissolved in this solution under the laws of diffusion kinetics.
The electrochemical behavior of the silver electrode was studied by the method of triangular voltage pulses. At this silver oxidation process occurs at potentials more positive than 0.25-0.3 V. The chemical reduction of silver electrode, as well as electrochemical reduction significantly changes its electrochemical properties. Using a vacuumelectrochemical method for the preparation of the electrode, it was possible to ascertain the phenomenon of penetration of chemisorption of oxygen into the silver. The presence of oxygen has a significant influence on the adsorption of hydrogen 16 . Two-stage oxidation are observed at the anodic polarization of silver in the solution an alkali by photovoltaic polarization and polarization curves methods, each of which the oxides of silver with different composition are formed: silver oxide (I) at the first stage and silver oxide (II) on the second. In both stages of oxidation at certain values of the anodic oxidation potential is terminated because of the passivation of silver 17 .
It was revealed a relationship between the characteristics of electrochemical processes for the case of separating of silver from chloride melts by the authors in the work 18 .
In the process of cathodic separation of silver from water-soluble thiourea complexes the polarization has basically concentration character 19 . For practical use of cathodic deposition of silver are recommended the working temperature of 40-50°C, the current density of 0,5-2 a/dm 2 , pH of solution is 2.
Comparative studies of the electrochemical behaviour of Ag in aqueous NaCl, NaBr and NaI solutions of various concentrations ranging from 0.1 M to 1.0 M have been made by means of cyclic voltammetry and chronoamperometry techniques, complemented with SEM observation 2 . The cyclic voltammograms of Ag in the three halide solutions are nearly similar and characterized by the occurrence of a broad anodic peak (AI) corresponding to the electroformation of AgX film (X-= Cl-, Br-, I-) and a sharp cathodic peak (Cl) corresponding to the electroreduction of AgX to Ag.
A simple and inexpensive, single step synthesis of silver nanoparticles was achieved using sodium citrate both as a reducing and capping agent. Silver nanoparticles were synthesized by injecting sodium citrate solution into the solution of silver nitrate at high temperature. The synthetic process was carried out in aqueous solution, making the method versatile and ecofriendly 20 .
In the previous work we researched the electrochemical behavior of silver in sodium sulphate solution during anodic polarization 21 . The investigation on studying electrochemical properties of silver has been carried out by the use of cyclic voltammetric method. It was investigated that complicated electrochemical reactions occur in sodium sulphate solution using silver electrodes, in anodic area takes place the silver oxidation with formation of oxides and sulphate of silver, and in cathodic area the oxygen compounds and silver sulphate regenerate.
In this regard, the study of anodic dissolution of silver is relevant and timely.
In this work we present the results of the investigation of kinetic regularities of electrooxidation -reduction reactions of silver in acid solutions by the cyclic potentiodynamic polarization curves.
MATERIAL AND METHODS
We have detected anode-cathode and cathode-anode cyclic potentiodynamic polarization curves with a potentiostat SVA-1BM. The main polarization voltammetric curves were recorded by a scan rate of 10 mV/s and recorded on a flatbed XY potentiometer H 301/1. The silver rod is used as the working electrode, its working surface is end portion, and the surface area is 4 mm 2 .
The measurements were performed in a three-electrode cell in respect to silver chloride electrode (E° = +0,203 V) and platinum is used as an auxiliary electrode.
Mainly, voltammograms were obtained in temperature intervals of 20-70°C (293-343 K), at a scan rate of potential of 5-100 mV/s. In order to clarify the mechanism of the processes, occurring during the polarization by alternating current, the electrodes were subjected to cyclic polarization, i.e. curves were recorded first in the direction of cathode-anode, and then the anode-cathode.
Thus, the change of direction of current was simulated in a certain degree, which takes place during the passage of the alternating current.
Measurements were carried out as follows: after updating the surface of electrode was turn on the potential scan with a certain speed in the range of 5-100 mV/s and the corresponding potentiodynamic polarization curve was recorded. In order to conduct research at a constant temperature, the special electrolytic cell of mark YASE-2, installed in the thermostat of mark ITZH-0-03 was used. Fig.1 shows the cyclic anode-cathode and cathode-anode polarization curves of silver electrode in 0.5 M sulphuric acid solution.
RESULTS AND DISCUSSION
At displacement of potential on the anode direction in cyclic polarograms the peak of anodic (curve 1, maximum -"a") of the oxidation current observes, due to the formation of silver ions:
Next on the polarograms a sharp decrease of value of the current is observed that is connected with the salt passivation of the electrode surface according to the reaction: In the range of potentials "plus" 0,4V second maximum of current is observed, reflecting, apparently, the reduction of the formed silver sulphate (curve 1, a maximum "c") by the reaction:
When the potential of the "minus" 067 V and more values the release of hydrogen is observed:
The anode-cathode and cathode-anode cyclic polarization curves by the form are practically identical.
The concentration of sulphuric acid influences on the reaction of silver electrodissolution (Fig.2) . By the dependence of lg i -lg C, a reaction order of the oxidation of silver was determined, which corresponds to the values of 0.21 and 0.47, which is characteristic for complex stage electrochemical reactions.
With increasing the concentration of sulphuric acid from 0.5 M to 2.0 M height of the current maximum of the oxidation of metal firstly increases and then decreases.
The curves, obtained during the temperature changes (20-70°C) , are characterized by pronounced maximum of current, reflecting the oxidation of the metal.
By the temperature-kinetic rectilinear Arrhenius dependence apparent activation energy of the reaction of silver oxidation in sulphuric acid solution was calculated (Fig.3) . It is shown that when overvoltage of D E = 0,60 V an apparent energy of oxidation reaction of the metal is 10.06 kJ/mole. Based on these data we can assume that the oxidation of silver takes place in the diffusion regime. Fig. 4 shows the anodic polarograms of silver, obtained by speed of potential sweep of 5... 100 mV/sec. The height of the current of silver oxidation increases with an increase of speed of potential sweep. These data also indicate that the process takes place in the diffusion regime.
Based on the treatment of polarization curves by the method of Galius 22 , the diffusion coefficient and heterogeneous constant of the rate of electrochemical processes were determined.
In order to study the behavior of silver in conditions of the frequent periodic change of the direction of current, electrolysis was carried out by industrial alternating current. As preliminary experiments show, when polarization of two silver plate electrodes with alternating current at a current density from 200 to 1200 A/m 2 , the current efficiency of silver dissolution is not more than 4.8% 23 .
For the purpose of a possible strengthening of the process of dissolution of silver under the influence of AC, one of the silver electrodes was replaced by titanium.
It is known that an alternating current flows in two directions, at this a rapid change of the polarity of the electrodes is observed. When polarization by industrial alternating current in a second the change of polarity occurs 50 times.
The presence of valve properties of titanium promotes the flow of current only in the direction of the cathode and the effect of current "rectification" is observed in an anode. At the time, when the titanium electrode is in the anode halfcycle, an oxide film (Ti n O m ), having valve properties is formed on its surface (24) In the cathode half-cycle an oxide film may partially be reduced: In the case of finding the titanium electrode in the cathodic half cycle the reduction of hydrogen ions will flow on it. At this moment the silver electrode is in the anodic half cycle and is oxidized to form ions by reaction 1.
CONCLUSION
Thus, we studied the electrochemical behavior of silver in the solution of sulfuric acid by cyclic potentiodynamic polarization curves. It is found that the concentration of sulfuric acid, temperature, the rate of potential sweep significantly influence on the anodic dissolution of silver. It is shown that the oxidation reaction of silver proceeds in the diffusion mode.
